The propagation of a shock wave into a medium is expected to heat the material beyond the shock, producing noticeable effects in intensity line ratios such as 
Introduction
The increase in the local pressure of the material in a region makes it to expand, producing a disturbance in the surroundings that may drive a shock front. Shocks are ubiquitous in the universe whenever supernova explosions, photoionized gas, stellar winds, and collimated outflows drive shock waves in the circumstellar or interstellar media.
Shocks of fast moving outflows with material in the surrounding medium should produce appreciable effects. The most obvious is probably the formation of a bow-shock structure, as those associated with jet-like outflows in Herbig-Haro objects such as the archetypical HH 34 and HH 111 (Reipurth et al., 1997 (Reipurth et al., , 2002 Raga et al., 2002) . Planetary nebulae (PNe) also exhibit fast collimated outflows whose occurrence is found at very early stages of the nebular formation, including the late stages of the asymptotic giant branch (AGB) and the proto-PN phases. These collimated outflows can produce notable bow-shock features, as those detected in IC 4593 (Corradi et al., 1997a) .
On microscopic scales, a shock wave is an irreversible process, where entropy is generated as ordered kinetic energy is dissipated into heat. Therefore, a fast outflow propagating into a low density medium drives a forward shock which produces an increase of the electron temperature, T e . The increase in temperature would enhance the emission in the [O iii] λ5007 Å line, which is very sensitive to T e , whereas the low density would reduce the emissivity of the Hα line, which is more sensitive to the electron density, N e . Consequently, it is expected a region in front of the bow-shock at the tip of a collimated outflow where the [O iii]/Hα ratio is significantly enhanced. Such caps of enhanced [O iii]/Hα ratio have been revealed by HST images of IC 4634, a PN characterized by the presence of fast collimated outflows resulting in a point-symmetric morphology and clear bow-shock structures .
A dense, fast shell expanding into a tenuous, static medium can also propagate shocks into the surroundings. This effect is observed in bubbles blown by the wind of massive stars, such as S 308, the wind-blown bubble around the Wolf-Rayet star HD 50896, whose shell generates a forward shock that produces a notable offset between the [O iii] and Hα emissions (Gruendl et al., 2000) . Another example is provided by NGC 7635, a.k.a. the Bubble Nebula, a bubble blown by the wind of the massive O6.5 IIIf star BD+60
• 2522, where the offset between these emissions is ≈3×10 15 cm (Moore et al., 2002) . The expansion of the different shells of PNe is also expected to generate shocks: one at the leading edge of the outer shell propagating into the unperturbed AGB wind and another at the leading edge of the bright rim expanding into the outer shell (e.g., Perinotto et al., 2004) . Balick (2004) found a thin skin of enhanced [O iii]/Hα enveloping NGC 6543 in HST images of this nebula. The origin of this skin of enhanced [O iii]/Hα remained uncertain, but an observational artefact could be ruled out.
Fast collimated outflows are acknowledged to play an essential role in the nebular shaping in early stages of the PN formation (Sahai & Trauger, 1998) . In particular, the expansion of bow-shock features has drawn the attention as a mechanism for the formation of bipolar and multi-polar PNe (see the review by Balick & Frank, 2002) . Similarly, the expansion of the different nebular shells is critical for the evolution of PNe (Villaver et al., 2002; Perinotto et al., 2004) . Both the shocks produced by fast collimated outflows and those produced by the shell expansion may have important dynamical effects in PNe, contributing decisively to the nebular shaping, evolution, and excitation.
Inspired (Table 1) . Since the adjacent [N ii] λλ6548,6584 Å emission lines can be included in the bandpass of the F656N Hα narrow-band filter, the potential contamination of the emission from these low-excitation lines on the Hα image needs to be discussed into further detail.
The bandpass of the WFC3 F656N Hα filter only includes the contribution from the [N ii] λ6548 Å emission line with a filter transmission at its wavelength which is ∼5% that at the wavelength of the targeted Hα line (O'Dell et al., 2013) . As for the WFPC2 F656N Hα filter, its bandpass is broader (Lim et al., 2010) (Corradi et al., 1996) . These features are easy to identify.
The images were downloaded from the HST archive and reduced using the standard pipeline procedure. For each PN, individual frames of the same epoch were combined to remove the cosmic rays using IRAF 1 routines. , and some of them show too complex structures (e.g., NGC 2392 and NGC 6369) to be clearly ascribed to type A, B, or C.
The four different types described above are not mutually exclusive. In particular, most type A PNe are also type B, i.e., they show regions of enhanced [O iii]/Hα ratios that are associated both with expanding nebular shells and bow-shock features produced by fast collimated outflows. For these PNe, we use the type AB. The only exception is that of NGC 6572, where a collimated outflow towards the north of the nebula produces a bow-shock feature with enhanced values of the [O iii]/Hα ratio, whereas this ratio is diminished around the main nebular shell. For this PN, we use the type AC.
The PNe with adequate [O iii]/Hα ratio maps are listed in Table 2 . In this table we provide the classification of each PN and relevant information for a comparative study: the morphology or nebular shape (E=elliptical, B=bipolar, MP=quadrupolar or multi-polar, PS=point-symmetric, MS=multiple shell), the temperature of the central star, the nebular electron density, an averaged angular radius, the distance and linear radius, the [O iii] λ5007 and [N ii] λ6584 to Hβ line intensity ratios, and comments on the presence of collimated outflows, FLIERs, and ansae, or on the quality of the observations. Most of the data in this table have been obtained from Frew (2008) . Additional references are given in the last column of Table 2 .
Discussion

Statistical Properties
A preliminary inspection of Table 2 provides hints of the varying nature of PNe belonging to the different types described in the previous section. These are further illustrated by the distributions of different parameters shown in Fig. 5 .
Type D PNe is an heterogeneous group severely affected by several observational biases. Most type D PNe are small, with angular radii ≤4 , and linear sizes ≤0.03 pc. The small size of these objects is clearly introducing an observational bias in the sample, as the fine morphological details of these objects cannot be properly resolved. PNe of type C also tend to be small, with radii and linear sizes similar to, but slightly larger than, those of type D PNe. Notably, some of the type C PNe (e.g., NGC 2346 and NGC 6720) have the largest angular radii and linear sizes among the PNe in this sample. In contrast to type D PNe, the distribution of the effective temperature of the central stars of type C PNe clearly peaks at low values (T eff ≤ 50, 000 K). PNe of type C are either young, with low T eff central stars (e.g., BD+30
• 3639 and IC 418), or have hot central stars which have already turned towards the white dwarf cooling track and reduced their stellar luminosities (e.g., the evolved PN NGC 6720 and the prominent bipolar PNe NGC 2346 and NGC 6886, Napiwotzki, 1999; Méndez & Niemela, 1981; Pottasch & Surendiranath, 2005) . In the first case, the stellar spectrum is not hard enough to maintain the oxygen twice ionized throughout the whole nebula, whereas in the second case the spectrum is very hard but the photon flux seen by material at large distances from the central star is small. In both cases, the ionization degree drops at the edge of the nebula and an exterior O + region forms. Indeed, the reduced number of type C PNe with available HST WFPC2 images in the PNe of type A and B are, on average, better resolved than type C PNe, with angular radii spanning between ∼4 and ∼20 , 
[O iii]/Hα Radial Profiles
To investigate in more detail the physical properties of the regions where the variations of the [O iii]/Hα ratio take place, we have extracted radial profiles of representative PNe of types A, B, and C. These radial profiles, shown in Figs. 6, 7, and 8, respectively, have been derived from flux calibrated HST images; however, we have not attempted to deredden the line ratios and, therefore, the values of the [O iii]/Hα ratio in these profiles do not correspond to absolute line intensity ratios. The relative enhancement (or decrement for type C PNe) of the [O iii]/Hα ratio and the width of the region with anomalous [O iii] emission derived from these profiles are listed in Table 3 .
The regions of enhanced [O iii]/Hα ratio associated with bow-shocks, outer shells, and blisters show the largest increase of this ratio, being typically larger by a factor of two. On the contrary, the enhancement of the [O iii]/Hα ratio at the inner shells There are also notable differences among the fractional sizes of these regions. The peaks of enhanced [O iii] emission in bow-shocks, outer shells, and blisters show the narrowest fractional sizes, all being ≤4%. Meanwhile, the regions of enhanced [O iii]/Hα ratios associated with the inner shell of NGC 3242 and the absorptions in the [O iii]/Hα radial profiles of type C PNe are broader, with fractional widths above 10%. The physical sizes of all these regions are rather similar, ≈10 16 cm, but for the outer shell of NGC 6826, which is especially thin (4×10 15 cm). Even the outer regions of diminished [O iii]/Hα ratios of type C have similar physical sizes, except for NGC 6720, which is especially broad (≈10 17 cm). There are two interesting features in these radial profiles which are worth mentioning as they are indicative of the variations in excitation affecting the nebular material and of the geometry of these regions. First, the radial profiles of bow-shocks in Fig. 6 display a depression just inside the emission peak which is then followed by a bounce in this ratio further in. The regions of diminished values in the [O iii]/Hα ratio are associated with the prominent low-ionization features found inside these bowshocks, whereas the increase in the value of the line ratio suggests a relative brightening of the [O iii] emission on larger spatial scales than the outer skin. Secondly, the [O iii]/Hα peak associated with outer shells is preceded by a ramp in this ratio, as can be seen in the radial profiles of the outer shells of NGC 3242 and NGC 6826 (Fig. 7) . Projection effects can be responsible for this feature. an ad hoc additional heating mechanism working on small spatial scales produces a sharp raise in T e . Such an increase in T e would reduce the effective recombination rate of Hα, which is roughly proportional to T −0.9 e , and increase the collisional excitation of O ++ , which is roughly proportional to T −1/2 e −E/kT . The [O iii]/Hα line intensity ratio can be expressed as: 
Origin of the High [O iii]/Hα Skins
We plot in Fig. 9 the variation of the [O iii]/Hα line intensity ratio with the increase of electron temperature above a baseline temperature in the range typical of PNe, 8,000 K≤ T e ≤12,000 K. We note that these curves have not been computed using the above expression, but the exact line emissivities. For a baseline temperature of the nebular material of 10,000 K, the observed The extra heating can be provided by a forward shock propagating into a tenuous medium (Cox, 1972) as it has been observed in collimated outflows in Herbig-Haro objects (e.g., HH 34, Rodríguez-González et al., 2012) and ring nebulae around WR stars (Gruendl et al., 2000) . The extra heating in type A PNe is provided by the forward shock of a fast outflow propagating into the tenuous, outer regions of the PNe or the interstellar medium (ISM). The shocks produced by collimated outflows in Herbig-Haro objects enhance the emission of low-ionization lines (e.g.,
, as predicted for steady, plane-parallel shock models (Hartigan et al., 1987) , but the situation is notably different in PNe. Their outflows are photoionized by the central star, and this results in variations of the expected line ratios and spatial distribution of the emission from different lines that has been modeled for fast, compact knots traveling away from the central star by Raga et al. (2008) . In particular, these models predict a relative brightening of the [O iii] emission with respect to that of Hα at larger distances from the ionizing source (their Fig. 9 ), in clear agreement with the radial profiles displayed in Fig. 6 .
Meanwhile, the expansion of a higher density shell into a lower density, outer shell or into the ISM produces a forward shock in type B PNe which heats the material in front of the shell. In this case, the pre-shock material is already highly ionized by the central star of the PN, and no enhancement of the emission from low-ionization lines is expected. Therefore, the analysis of [O iii]/Hα ratio maps provides the only strategy to investigate the occurrence of the shocks associated to expanding shells of PNe.
Hydrodynamical models of PN evolution indeed predict the development of two different shocks during their formation (e.g., Perinotto et al., 2004; Schönberner et al., 2005) . The sudden ionization of the material ejected during the AGB produces a D-type ionization front at the leading edge of the outer nebular shell of multiple-shell PNe. This shock propagates outwards, into the ambient AGB wind, and a thin skin of shocked material is expected at the leading shock of the shell. Model simulations of the propagation of such shock kindly performed by D. Schönberner and M. Steffen suggest that the post-shock temperatures depend very sensitively on the density jump across the shock, although a high numerical resolution is required to resolve the shock. Similarly, another shock is set by the wind interaction at the discontinuity between the outer nebular shell and the bright rim pushed by the thermal pressure of the hot bubble. The available model simulations predict the formation of a thick rim early in the evolution of the PN, resulting in a shock too weak to produce the observed enhancement of the [O iii]/Hα ratios. With time, the rim sharpens and moves faster, and its leading shock becomes stronger (Perinotto et al., 2004) .
These detailed hydrodynamical simulations determine that the velocity jump across the shock front at the leading edge of the outer shell is 5-40 km s −1 . Across the shock front between the inner rim and the shell, the velocity jump is smaller, ≤ 10 km s −1 . For typical electron densities of ∼4,000 cm −3 , ∼1,000 cm −3 , and ∼50 cm −3 for the rim, outer shell, and surrounding unperturbed AGB wind, these velocity jumps imply temperature increases 4,000 K which can easily produce the observed enhancement of the [O iii]/Hα ratios. Hα ratio implies variations in T e of 2,000-5,000 K. The increase in T e is associated with forward shocks produced by the expansion of collimated outflows and nebular shells into surrounding media of lower density. These results illustrate the complexity of PNe and its suitability to studying the detailed physics of ionized plasmas. Notes.
Summary
(a) The shape of the profile of these regions is not symmetric and the measurement of their widths corresponds to the innermost half of the profile.
